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Preface 
 
Dear Participants, 
 
Confronted with the ever-increasing complexity of technical processes and the growing demands on their 
efficiency, security and flexibility, the scientific world needs to establish new methods of engineering design and 
new methods of systems operation. The factors likely to affect the design of the smart systems of the future will 
doubtless include the following: 
• As computational costs decrease, it will be possible to apply more complex algorithms, even in real 
time. These algorithms will take into account system nonlinearities or provide online optimisation of the 
system’s performance. 
• New fields of application will be addressed. Interest is now being expressed, beyond that in “classical” 
technical systems and processes, in environmental systems or medical and bioengineering applications. 
• The boundaries between software and hardware design are being eroded. New design methods will 
include co-design of software and hardware and even of sensor and actuator components. 
• Automation will not only replace human operators but will assist, support and supervise humans so 
that their work is safe and even more effective. 
• Networked systems or swarms will be crucial, requiring improvement of the communication within 
them and study of how their behaviour can be made globally consistent. 
• The issues of security and safety, not only during the operation of systems but also in the course of 
their design, will continue to increase in importance. 
The title “Computer Science meets Automation”, borne by the 52nd International Scientific Colloquium (IWK) at 
the Technische Universität Ilmenau, Germany, expresses the desire of scientists and engineers to rise to these 
challenges, cooperating closely on innovative methods in the two disciplines of computer science and 
automation. 
The IWK has a long tradition going back as far as 1953. In the years before 1989, a major function of the 
colloquium was to bring together scientists from both sides of the Iron Curtain. Naturally, bonds were also 
deepened between the countries from the East. Today, the objective of the colloquium is still to bring 
researchers together. They come from the eastern and western member states of the European Union, and, 
indeed, from all over the world. All who wish to share their ideas on the points where “Computer Science meets 
Automation” are addressed by this colloquium at the Technische Universität Ilmenau. 
All the University’s Faculties have joined forces to ensure that nothing is left out. Control engineering, 
information science, cybernetics, communication technology and systems engineering – for all of these and their 
applications (ranging from biological systems to heavy engineering), the issues are being covered.  
Together with all the organizers I should like to thank you for your contributions to the conference, ensuring, as 
they do, a most interesting colloquium programme of an interdisciplinary nature. 
I am looking forward to an inspiring colloquium. It promises to be a fine platform for you to present your 
research, to address new concepts and to meet colleagues in Ilmenau. 
 
 
 
 
 
Professor Peter Scharff     Professor Christoph Ament  
Rector, TU Ilmenau             Head of Organisation 
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Development and composition of control logic networks for 
distributed mechatronic systems in a heterogeneous 
architecture 
 
INTRODUCTION     
Information processing, plays an ever-increasing role in the functionality and quality of 
products in the field of mechanical engineering and becomes an inextricable part of the 
system function. However, program execution requires special hardware separated from 
the mechanical and electrical components. Typical hardware architectures in this domain 
are embedded systems (Micro controller, DSP board, micro processor, – with/without 
operating system), personal computer programmable logic controller (PLC) – and com-
posed of several components: distributed systems with central supervisory control, dis-
tributed systems with distributed control, distributed autonomous cooperative systems. 
In many cases, a heterogeneous architecture consisting of diverse electronic units, soft-
ware components, and communication interfaces is implemented (see Figure 1). 
 
Figure 1: Mechatronic system with heterogeneous hardware and software architecture 
  
Inside the different hardware units similar functional entities are executed – typically de-
scribed by functional blocks. Among them are logical networks – consisting of logical 
operations, controllers – closed loop and open loop, various arithmetic operations, com-
binations of the aforementioned entities. 
During the development of heterogeneous systems, different development tools using 
different standards, programming approaches and programming languages for basically 
similar functionalities are used. Developers make great efforts to verify functional consis-
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tency of these systems, i.e. to test interoperation of entities developed by different tools. 
Especially for flexible systems of variable configuration procedures for test, verification 
and correction are passed through repeatedly. In this context functional consistency 
means: functional entities of the system cooperate in the desired manner and operate 
error-free. Depending on requirements, different aspects are considered and verified 
separately (see Table 1). 
Table 1: Important aspects of functional consistency 
Aspect Remark 
Data transfer between outputs and inputs of 
controllers and other function blocks, 
Appropriate data connection, format and se-
quence 
Hierarchical dependencies  Interoperation of several hierarchical layers 
Failure management Defined behavior in case of malfunction 
Reliability, fault tolerance, FMEA [1] Defined behavior to avoid damage in case of 
failure  
Real time conditions, different cycle times Compliance with real-time conditions 
Concurrency, parallel operations Appropriate sequence and interoperation of 
concurrent operations 
Interlocking, enabling, priorities Conditions and procedures for turn-on/turn-off
Different modes of operation Switching between different operational states
 
Given the difficulties described above, an integration of all necessary tools into one 
comprehensive development suite would be desirable. Although comprehensive tools do 
exist for confined domains (see below), this approach is not practicable for heterogene-
ous systems in the foreseeable future. Hence, methods and tools for the assistance of 
design and verification of functional structures of information processing are necessary. 
The aim of this paper is to present an approach for a test-framework for functional con-
sistency, applicable to a wide range of hardware and software, and to demonstrate the 
application to the development of an assembly machine [1]. 
 
TEST-FRAMEWORK FOR FUNCTIONAL CONSISTENCY     
In computer science, the term data consistency model is used – among other meanings 
– to specify consistent access to data in a distributed system. In this regard, a number of 
possible data consistency models are known. A system supports a given consistency 
model if operations on memory follow a set of specific rules. The data consistency model 
specifies a contract between programmer and system, wherein if the programmer fol-
lows the rules, the system guarantees that memory will be consistent and the results of 
memory operations will be predictable. Accordingly, a functional consistency model (for 
a heterogeneous system) consists of a set of functional rules specifying conditions for 
connection and interoperation of functional entities of the system. If a functional structure 
– consisting of individual functional entities – follows the defined rules and is imple-
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mented accordingly, the system is functioning failure-free and conflict-free. 
In other domains where distributed hardware is used, comprehensive tools for integrated 
development have been implemented. For example, in process control engineering 
hardware and software architectures, functionalities, development tools etc. are stan-
dardized to a very large extend, see [2][3][4]. Open system standards are developed to 
further advance the flexibility and interchangeability of programs and hardware; see [5]. 
Due to this level of standardization, hardware manufacturers are able to provide inte-
grated development tools covering the necessary range of verification. To cite another 
example, AUTOSAR (AUTomotive Open System Architecture) – developed by automo-
bile manufacturers and suppliers – assists the development of networks of embedded 
systems in automobiles [6][7]. The AUTOSAR development framework supports the 
consistent distribution of functionality among several electronic control units. 
The used consistency models in both domains – process control engineering and 
AUTOSAR – are tailored to the specific needs of supported hardware; implementation 
and programming are strong supported. On the other hand, these consistency models 
are applicable to a narrow range of specialized hardware and software only and are 
mainly related to data transfer and interoperability of modules. An approach for a test-
framework for functional consistency applicable to a wide range of hardware and soft-
ware is presented in the following.  
 
Figure 2: Structural Modeling  
 
1. Structural Modeling: In the first step a structural model of the system is established 
for structural test purposes (see Figure 2). The structural model is composed of: 
− Functional blocks representing the functional entities to be considered, 
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− Relations between functional blocks and 
− Functional conditions. 
Structural conditions are necessary conditions for interoperation between functional 
blocks to maintain functional consistency. Functional entities are – for example – control-
lers, pieces of control logic, arithmetic operations, data processing and supervisory con-
trol logic. The functional content of these system functions is not considered. Solely in-
terfaces and relations between functional entities are taken into consideration – e.g. in-
puts and outputs, data transfer between entities, hierarchical relations, enabling and 
causal dependencies. Depending on the considered perspective, different information is 
incorporated. Functional blocks are connected by relations. Relations describe data 
transfer as well as the existence of functional dependencies between blocks. The type of 
dependency as well as interactions between functional blocks is described by functional 
conditions, e.g.: “B can be activated only if execution of A is completed”. A sample con-
troller type block with hierarchical interconnections is given in Figure 3. 
 
Figure 3: Sample controller type block with hierarchical interconnections 
 
2. Consistency model and structural test: To define a consistency model, structural 
rule sets are defined for different aspects. Structural rules describe conditions and re-
strictions for consistency regarding a specific test aspect. For different test cases – e.g. 
failure management – several rule sets are arranged (see Figure 4). The structural rules 
are independent of the functional blocks, relations and functional conditions. The follow-
ing rule exemplifies the possible content of structural rules: “A functional block A can be 
executed only if all functional blocks transferring inputs to A have been executed.” 
A structural verification is accomplished by testing the structural model systematically for 
compliance with rules of one or more rule sets. 
3. Application of results: As result of the structural verification inconsistencies are indi-
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cated. In the third step the developer turns to system design again and eliminates the 
conflicts; results are incorporated in software coding. This procedure of test and re-
design/re-programming is repeated until consistency is established.  
 
Figure 4: Consistency Model 
 
SAMPLE APPLICATION  
A section of the information processing of a servo driven assembly machine in symbolic 
form is given in Figure 5. It consists of equipment of heterogeneous architecture; func-
tionality is finally coded using different tools. In the modeling of the functional structure, 
all functional units – e.g. controllers, interlocking logic, fault detection logic, data proc-
essing – are transformed to abstract standard blocks with specific interfaces, see Figure 
6. In this process, only logical interconnections are considered, algorithms behind the 
blocks are not regarded. The resulting structure of connected standard blocks is used to 
analyze and optimize the interoperation of the blocks.  
 
Figure 5: Servo driven assembly machine (M: Servo drive, S: Sensor) 
 
This approach is used to eliminate fault conditions in the interaction between sections of 
the assembly machine [1]. The structural test based on the structural model reveals in-
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consistencies – e.g. incorrect sequences, exceeded time limits. Functional entities can 
be changed accordingly. The automatic structural test eliminates the time-consuming, 
error-prone manual check of the structure. At present, a semi automatic test environ-
ment is established in order to develop modelling and test methods. 
 
Figure 6: Model of the functional structure 
 
CONCLUSION     
Heterogeneous architectures of mechatronic systems require approaches for compre-
hensive structural tests during system design. Structural modeling of the system is used 
to create an automatic environment for device- and manufacturer-independent checking 
regarding different perspectives. This approach is used to check the failure management 
and start/stop-sequence/interlocking of an assembly machine composed of several as-
sembly stations. Further work is necessary to extend the approach to more test perspec-
tives and device combinations, to develop an uniform description method for functional 
blocks, relations, conditions and to develop a practicable software solution. 
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